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# 

LEAD-FREE FIREARM BULLETS 
AND CARTRIDGES INCLUDING SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to improved bullets 

for firearms, and cartridges including same. 
Description of the Background Art 

Most bullets for firearms are formed totally or 
partially from lead. The density of lead provides 

10 bullets made therefrom with a ballistic efficiency 
which heretofore has not been matched by any other 
commercially available bullet material- While bullets 
jacketed with an outer layer of copper or other 
material are available to prevent barrel fouling and 

15 the like, such bullet cores typically are made of lead 
to provide the bullet with acceptable ballistic 
properties. Unfortunately, lead is quite toxic, which 
has raised environmental concerns . 

Lead core bullets which are clad in copper or 

20 other material do not eliminate the toxicity problem, 
since the copper sheathing typically peels back when a 
fired bullet impacts an object, thereby exposing the 
lead core. 

There remains a need in the art for completely 
25 lead-free bullets which perform ballistically similar 
to bullets made with lead. 
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SUMMAR Y OF THE INVENT TOM 
In accordance with one aspect of the present 
xnvention, a projectile is provided which comprises a 
fxrearm bullet, at least a principal portion of which 
xs formed of a one-pi^ce element having a continuous 
all-metal structure primarily made up of bismuth. 

In accordance with another aspect of the 
invention, a firearm cartridge is provided comprising a 
casxng, a propellant contained within the casing, means 
for igniting the propellant, and a firearm bullet, at 
least a principal portion of which is formed of a one- 
pxece element having a continuous all-metal structure 
containing bismuth. 

BRIEF DESCRIPTTOM n F THE DP AWthcc 
Pig. 1 is a partly schematic cross-sectional view 
of a fxrearm cartridge including a one-piece bullet 
containing bismuth according to one embodiment of the 
present invention. 

Fig. 2 is a partly schematic cross-sectional view 
of a one-piece, bismuth-containing shotgun slug 
according to another embodiment. 

Fig. 3 is a partly schematic cross-sectional view 
of a two piece, bismuth-containing bullet according to 
still another embodiment. 

Fig. 4 is a partly schematic cross-sectional view 
of a three piece, bismuth-containing bullet according 
to yet another embodiment. 

DETAILED PESgRIPTION OF THE PPPPttP^n EMBODIMENT^ 
Fxg. 1 illustrates a firearm cartridge including a 
casxng 10 which can, for example, be made up of bras!. 
Wxthxncasxng 10 is an explosive propellant in the form 
of powder 12. The propellant 12 is ig„i te d by means of 
a prxmer 14 which is actuated when struck by the firing 
pxn of a firearm (not shown). 
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Held within neck 16 of casing 10 is a bismuth- 
containing bullet 18 according to one embodiment of the 
present invention. Bullet 18 shown in Fig. 1 i s ma de 
in one piece with an all-metal continuous structure 
formed by any suitable method such as casting. 

Applicant has discovered that bismuth is an 
excellent material for use in the manufacture of 
firearm bullets of any useful size. For example, the 
invention is applicable to bullets in the size range of 
from about .22 caliber up to 10 gauge slugs for 
shotguns. Fig. 2 shows a one-piece, bismuth-containing 
shotgun slug 19 according to one embodiment. 

The present invention is also applicable to so- 
called "clad" or "jacketed- bullets, such as are 
15 illustrated in Figs. 3 and 4 . These jacketed bullets 
include one or more bismuth-containing elements, each 
of which is formed as a one-piece element having a 
continuous all-metal structure primarily made up of 
bismuth. 

In Fig. 3, the bullet 20 is made up of a single, 
one-piece, bismuth-containing core element 32 
surrounded by a metal jacket 24, which can be of any 
suitable metal such as copper or copper alloy. 

In Fig. 4, the bullet 26 includes two bismuth- 
containing core elements 28 and 30 which are surrounded 
by metal jacket 32. 

In preferred embodiments, the bismuth-containing 
elements of jacketed bullets such as are shown in Figs . 
2 and 3 comprise at least about 50% by weight of the 
entire bullet, more preferably, at least about 75% by 
weight thereof. 

The bismuth-containing elements of bullets in 
accordance with the present invention are formed by 
casting, spin molding, dropping, punching or in any 
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other suitable manner, and can be made from 
substantially pure bismuth. it haB al8o been 
discovered that bismuth provides an excellent alloy 
component when combined with other non-toxic metaj for 

emZ n9 n ! n " tOX±C ^ ll6tS - F ° r SXample ' in P-ferred 
embodiments, the bismuth-containing elements of bullets 
xn accordance with the present invention contain at 
least about 50% bismuth by weight. m roore preferred 
embedments, the bismuth-containing elements contain at 
least^bout S0%, 70 %, 80%, 90% or 95% by weight 

allov BiS T th " COntainin9 SlementS ° f bUllets *«~| from 
alloy contaxnrng 60-95% by weight or more bismuth 

perform well ballistically, and with increasingly high 
proportions of bismuth, such bullets an™-™ h 
the haiH-Hn * oui±ets approach or attain 

bullets P erf °™ance of corresponding lead 

In particularly preferred embodiments, the 
bxsmuth-containing elements of bullets according to the 
xnvention contain about 98% by weiaht or . u 
For e v, mn i 0 7 wej - oh t or more bismuth. 

For example, an alloy containing about 98% by weight 
bxsmuth and about 2% by weight tin or antimony can be 
used in bullets which perform ballistically 
substantially the same as lead. 

bi« 11 ° ther Particularl y Preferred embodiments, the 
brsmuth-containing elements of bullets in accordance 

ht bismuth and abou^y Z^ll " * 

-■=LS^^r performs - 

The present invention can provide bullets »h(^h 
perform ballisticallv substantially the sails Is " 
corresponding bullets made with lead. Furthermore. 
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bullets containing bismuth in accordance with the 
present invention have deformation characteristics 
similar to corresponding bullets made with lead. This 
provides bullets containing bismuth according to the 
invention with similar animal stopping characteristics 
as corresponding bullets made with lead, but without 
the poisonous effects of lead on the environment. 

Since many modifications, variations and changes 
in detail may be made to the described embodiments, it 
is intended that all matter in the foregoing 
description and shown in the accompanying drawings be 
interpreted as illustrative and not in a limiting 
sense. 
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CLAIMS : 

1. A projectile comprising a lead-free firearm 
bullet, at least a principal portion of said bullet 
being formed of a one-piece element having a continuous 
all-metal structure primarily made up of bismuth, said 
bullet being of a size in the range of from about .22 
caliber to about 10 gafige. 

2. The projectile of Claim 1, wherein said one- 
piece element is formed of an alloy having 
substantially the same density as lead. 

3. The projectile of claim 1, wherein said one- 
pxece element further comprises tin, antimony, zinc or 
a mixture thereof. 

4. a projectile comprising a lead-free firearm 
bullet, at least a principal portion of said bullet 
being formed of a one-piece element having a continuous 
all-metal structure primarily made up of Bismuth, said 
one-piece element being formed by casting, spin 
moldxng, dropping or punching, said bullet being of a 
size in the range of from about .22 caliber to about 10 
gauge . 

5. The projectile of Claim 1, wherein said one- 
pxece element contains at least about 50% by weight or 
more bismuth. 

25 . S - The e r °3 e «"e of Claim 1, wherein said one- 

pxece element contains at least about 60* by weight or 
more bismuth. 

7. The projectile of Claim 1, wherein said one- 

30 PieCe K eleroGnt COntains «t least about 70% by weight or 
30 more bismuth. 
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8. The projectile of Claim 1, wherein said one- 
piece element contains at least about 80% by weight or 
more bismuth. 

9. The projectile of Claim 1, wherein said one- 
piece element contains at least about 90% by weight or 
more bismuth. # 

10. The projectile of Claim 1, wherein said one- 
piece element contains at least about 95% by weight or 
more bismuth. 

11. The projectile of Claim 1, wherein said one- 
piece element contains at least about 98% by weight or 
more bismuth. 

12. The projectile of Claim 1, wherein said one- 
piece element contains at least about 99% by weight or 
more bismuth. 

13. The projectile of Claim 1, wherein said one- 
piece element contains at least about 50% by weight of 
said bullet. 

14. The projectile of Claim 13 , wherein said one- 
piece element is a bullet core, which bullet core is 
surrounded by a metal jacket. 

15. The projectile of Claim 14, wherein said 
bullet core comprises at least about 75% by weight of 
said bullet. 

16. The projectile of Claim 15, wherein said one- 
piece jacket contains copper. 

17. The projectile of Claim 14, further including 
a second one-piece element having a continuous all- 
metal structure primarily made up of bismuth, the 
second one-piece element being a second bullet core 
which is surrounded by said metal jacket. 



WO 92/08097 



PCT/CA91/00373 



18. The projectile of Claim 17, wherein the first 
and second one-piece elements comprise at least about 
75% by weight of said bullet. 

19. The projectile of Claim 17, wherein said one- 
5 piece jacket contains copper. 

20. The projectxle of Claim 1, wherein said one- 
piece bullet is made up substantially entirely of said 
one-piece element having a continuous structure. 

21. A firearm cartridge comprising: 
10 (a) a casing; 

(b) a propellant contained within said 
casing; 

(c) means for igniting said propellant; and 

(d) a lead-free firearm bullet, at least a 
principal portion of said bullet being 
formed of a one-piece element having a 
continuous all-metal structure primarily 
made up of bismuth. 

22. The firearm cartridge of Claim 16, wherein 
said one-piece element provides said bullet with 
substantially the same density as a corresponding lead 
element . 
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1. A projectile comprising a lead-free firearm 
bullet, at least a principal portion of said bullet 
being formed of a one-piece element having a continuous 
all-metal structure primarily made up of bismuth alloy, 
said bullet being of a size in the range of from about 
.22 caliber to about 10 gauge. 

2. The projectile of Claim 1, wherein said one- 
piece element is formed of an alloy having 
substantially the same density as lead. 

3. The projectile of Claim 1, wherein said one- 
piece element further comprises tin, antimony, zinc or 
a mixture thereof. 

4. A projectile comprising a lead-free firearm 
bullet, at least a principal portion of said bullet 
being formed of a one-piece element having a continuous 
all-metal structure primarily made up of Bismuth alloy, 
said one-piece element being formed by casting, spin 
molding, dropping or punching, said bullet being of a 
size in the range of from about .22 caliber to about 10 
gauge . 

5. The projectile of Claim 1, wherein said one- 
piece element contains at least about 50% by weight or 
more bismuth. 

25 6 - The Projectile of Claim 1, wherein said one- 

piece element contains at least about 60% by weight or 
more bismuth. 

7. The projectile of Claim 1, wherein said one- 
piece element contains at least about 70% by weight or 
30 more bismuth. 
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8. The projectile of Claim 1, wherein said one- 
piece element contains at least about 80% by weight or 
more bismuth. 

9. The projectile of Claim 1, wherein said one- 
5 piece element contains* at least about 90% by weight or 

more bismuth. 

10. The projectile of Claim 1, wherein said one- 
piece element contains at least about 95% by weight or 
more bismuth. 

10 • 11 • The Projectile of Claim 1, wherein said one- 
piece element contains at least about 98% by weight or 
more bismuth . 

12. The projectile of claim 1, wherein said one- 
piece element contains at least about 99% by weight or 

15 more bismuth. 

13. The" projectile of Claim 1, wherein said one- 
pxece element contains at least about 50% by weight of 
said bullet. 

14 • The P r °iectile of Claim 13, wherein said one- 
20 P1 ece element is a bullet core, which bullet core is 
surrounded by a metal jacket. 

15. The projectile of Claim 14, wherein said 
bullet core comprises at least about 75% by weight of 
said bullet. 

25 16 • The Projectile of Claim 15, wherein said one- 

piece jacket contains copper. 

17. The projectile of Claim 14, further including 
a second one-piece element having a continuous all- 
metal structure primarily made up of bismuth alloy , 
the second one-piece element being a second bullet 
core which is surrounded by said metal jacket. 
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18, The projectile of Claim 17 , wherein the first 
and second one-piece elements comprise at least about 
75% by weight of said bullet. 

19- The projectile of Claim 17 , wherein said one- 
5 piece jacket contains^copper. 

20. The projectile of Claim 1, wherein said one- 
piece bullet is made up substantially entirely of said 
one-piece element having a continuous structure. 

21. A firearm cartridge comprising: 
10 (a) a casing; 

(b) a propellant contained within said 
casing ; 

(c) means for igniting said propellant; and 

(d) a lead-free firearm bullet, at least a 
principal portion of said bullet being 
formed of a one-piece element having a 
continuous all-metal structure primarily 
made up of bismuth alloy. 

22. The firearm cartridge of Claim 16, wherein 
said one-piece element provides said bullet with 
substantially the same density as a corresponding lead 
element . 
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STATEMENT UNDER ARTICLE 19 



In Claim 1, the all-metal structure is now defined as bismuth 
"alloy" . 

In Claim 4, the all-metal structure is now defined as Bismuth 
" alloy" . 

In Claim 17, the all-metal structure is now defined as bismuth 
"alloy". 

In Claim 21, the all-metal structure is now defined as bismuth 
"alloy" . 
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ABSTRACTED-PUB-NO: EP 555310B 



BASIC-ABSTRACT: 

Firearm bullet has a casing (10) of e.g. brass, contg. 
an explosive propellant (12), ignited by a primer (14) 
to propel a bullet (18) held within the neck (16) of 
the coating. The bullet is primarily of Bi, pref. a Bi 
alloy contg. Sb and/or Zn. It can be mfd. by casting, 
centrifugal casting, forging or pinching. The calibre 
is from .22 to about 10 gauge. 

ADVANTAGE - The bullet is Pb-free, and therefore non- 
toxic . 

ABSTRACTED-PUB-NO: US 55356 7 8 A 
EQUIVALENT-ABSTRACTS : 

A projectile comprising a single one-piece firearm 
bullet ( 18 ) to be fired individually from a cartridge 
(10) , said bullet (18) being of a size in the range of 
from .22 caliber to 10 gauge, characterised in that 
said bullet (18) is lead-free and at least a principal 
portion of said bullet (18) is formed of at least one 
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one-piece element (18) having a continuous all-metal 
structure comprised of a bismuth alloy, said alloy 
being at least 50% by weight bismuth, wherein the 
bismuth containing element or elements comprise at 
least 75% by weight of the bullet . 

A projectile comprising a non-toxic lead-free firearm 
bullet to be fired individually from a cartridge , the 
bullet being primarily made up of bismuth, the bullet 
being of a size in a range of from about 0.22 calibre 
to about 10 gauge , at least a principal portion of the 
bullet being a one-piece element having a continuous 
all-metal structure formed of bismuth alloy, the alloy 
being at least 70% by wt . bismuth. 

WO 9208097A 

CHOSEN-DRAWING: Dwg.1/4 Dwg.1/4 Dwg.1/4 

TITLE-TERMS: FIREARM CARTRIDGE BISMUTH© ALLOY 

BULLET FREE LEAD NON TOXIC 

DERWENT-CLASS: K03 M2 6 Q79 

CPI-CODES: K03-A02; M26-B; 
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CPI Secondary Accession Numbers: C1992-084260 
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